We report the first case of methicillin-resistant Staphylococcus aureus (MRSA) 
A number of methicillin-resistant Staphylococcus aureus (MRSA) strains are multidrug resistant bacteria. They are resistant not only to β-lactam antimicrobials, but also other antimicrobials such as aminoglycosides, tetracyclines, and fluoroquinolones [6] . In horses, various types of MRSA infections have been reported, including those of the skin and soft tissues [14] , joints [4, 18] , mastitis [18] , metritis [2] , and pneumonia [18] . MRSA keratitis has been reported in humans [10, 12] and a dog [17] , but not in horses. Here we report on the identification of MRSA keratitis in a Thoroughbred racehorse that was confirmed by microbiological, histopathological, and immunohistochemical analyses.
A 5-year-old mare was found to have acute swelling of the eyelids and mucous discharge from the left eye, on the day following participation in a race. The mare was examined at the Racehorse Hospital, Ritto Training Center, Japan Racing Association, and superficial punctate keratitis was diagnosed on the basis a positive fluorescein staining test. Treatment of ophthalmic ofloxacin instillation every 12 hr (Tarivid ophthalmic solution 0.3%; Santen Pharmaceutical Co., Ltd., Osaka, Japan) and intravenous flunixin meglumine (1.0 mg/kg every 12 hr; Banamine injection 5%; DS Pharma Animal Health Co., Ltd., Osaka, Japan) were administered on day 1. The corneal condition deteriorated on day 2, and a deep ulcer of approximately 10 mm was found in the center of the cornea in addition to miosis indicating the development of anterior uveitis (Fig. 1) . Topical autologous serum, ophthalmic ofloxacin, and ophthalmic tobramycin (Tobracin ophthalmic solution 0.3%; Nitto Medic Co., Ltd., Toyama, Japan) were administered every 2-4 hr in addition to ophthalmic atropine that was administered every 12 hr (Nitten atropine ophthalmic solution 1%; NITTEN Pharmaceutical Co., Ltd., Nagoya, Japan). On day 3, the cornea was severely edematous and the ulcer had grown 15 mm in diameter. Furthermore, hypopyon was present. A subpalpebral catheter was inserted under the upper eyelid, and 0.5% ophthalmic chloramphenicol was administered every 4 hr (Chloramphenicol ophthalmic solution 0.5%; Nitto Medic Co., Ltd.) in addition to the aforementioned ophthalmic treatments. Therapy remained unsuccessful, and further expansion of the ulcer to a diameter of 20 mm was observed. Negative fluorescein staining was observed at the center of the ulcer indicating descemetocele on day 5 ( Fig.  2) . Due to the severity of these symptoms, a conjunctival graft and temporary tarsorrhaphy were performed under general anesthesia on day 6, according to a previously reported guideline [1] . Following surgery, ophthalmic ofloxacin, tobramycin, and chloramphenicol were instilled every 4-6 hr and flunixin meglumine was intravenously administered every 12 hr. The mare developed circulatory shock accompanied with depression, anorexia, severe watery diarrhea, and acute laminitis on day 9. We diagnosed severe enterocolitis and laminitis which are frequently reported as post-surgical complications in horses [8, 13] . Due to the mare's inability to stand, she was euthanized, as per veterinarian's decision, on day 10.
Necropsy was performed immediately after euthanasia. Severe corneal edema, ulceration (diameter, 20 mm), and descemetocele were observed following removal of the grafted conjunctive tissue. The vertical section of the affected eye revealed hemorrhage into the aqueous humor and severe iritis with hyperemia, congestion, and hemorrhage of the iris. General histopathology and immunohistochemistry were performed according to routine procedures. The histopathological examination revealed total loss of the corneal epithelium and the stroma corresponding to the macroscopic regions of the descemetocele. In addition, polymorphonuclear neutrophil (PMN) infiltration, red blood cell contamination (not hemorrhage), and proliferating basophilic cocci were observed in the deep corneal stroma (Fig. 3a) . Gram staining revealed the presence only of Gram-positive cocci. No fungal structures were detected by periodic acid-Schiff staining. Immunohistochemistry using a monoclonal anti-S. aureus antibody (ab37644, Abcam K.K., Tokyo, Japan) revealed Gram-positive cocci and the cytoplasm of PMNs to be positive. This result suggested that PMNs reacted in a phagocytic manner with S. aureus (Fig. 3b) . For bacterial isolation, corneal swabs taken after euthanasia were cultured using Columbia agar supplemented with 5% horse blood. The agar plates were incubated at 37°C for 24 hr under aerobic conditions with 5% CO 2 . Colonies were picked from the plate and subcultured. On the basis of colony morphology, Gram staining, and biochemical characteristics, the isolated bacterium was identified as S. aureus, according to the API Biochemical Identification Kit (Sysmex bioMerieux, Tokyo, Japan). This was consistent with the results of the histopathological and immunohistochemical examinations. No other microbes, or fungi, were isolated.
The minimum inhibitory concentration (MIC) of oxacillin for the isolated S. aureus was determined using Etest (Sysmex bioMérieux) with Mueller-Hinton agar (Becton, Dickinson and Co., Tokyo, Japan) in accordance with manufacturer's instruction. The MIC of oxacillin for the bacterial isolate was >256 µg/ml; thus, the isolate was identified to be MRSA, according to the criteria of the Clinical and Laboratory Standards Institute: S. aureus is identified as MRSA when the MIC of oxacillin is ≥4 µg/ ml [3] . On the bases of microbiological and histological examination at autopsy, a final diagnosis of MRSA keratitis was made.
Antimicrobial susceptibility tests were performed using disc diffusion (BBL Sensi-Discs; Becton Dickinson and Co., Franklin Lakes, NJ, U.S.A.). The isolated strain was found to be susceptible to chloramphenicol and vancomycin and resistant to ampicillin, cephalothin, fosfomycin, gentamicin, imipenem, minocycline, ofloxacin, tetracycline, and tobramycin.
The isolate was subjected to staphylococcal cassette chromosome mec (SCCmec) typing using multiplex polymerase chain reaction (PCR), as previously reported [7] . Based on SCCmec typing, the strain was classified as SCCmec type II. The SCCmec type II strain is a major strain primarily found in healthcare-associated MRSA infection in humans in Japan [5, 11, 19] . In North America, MRSA of SCCmec type IV has been frequently isolated from horses and horse personnel, suggesting to the probability of a zoonotic transmission of MRSA isolates between horses and humans [9, 18] . Though we were not able to determine the transmission route, it is possible that hospital or stable personnel were carriers of the MRSA strain identified in the present study which in turn resulted in the mare's lesion. To clarify the route of infection, further surveillance of MRSA colonization in Japan among personnel, including veterinarians, groomers, and racehorses, is needed.
In previous studies describing the detection of MRSA keratitis in humans [10, 15, 16] and a dog [17] , the isolated strains were found to be susceptible to chloramphenicol and vancomycin, and the therapy of these antimicrobials demonstrated good results. Though the isolated MRSA strain was susceptible to chloramphenicol in this case, administration of an ophthalmic solution did not improve the mare's condition. We cannot explain the unsuccessful result in the present case. More cases are needed to establish the therapy for MRSA keratitis in horses. This case highlights the importance of paying close attention to the selection and administration of antimicrobials in cases of MRSA keratitis in horses.
